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Abstract





) gets modied when the nucleon is bound inside a nucleus. The model
known to describe the unpolarized nuclear eects at moderate Bjorken x (x 









F are presented, showing signicant changes in
the parton spin distributions and their moments. Scattering processes o
polarized
7
Li are suggested which could justify these theoretical calculations
and shed more light on both nuclear spin structure and short distance QCD.
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The inuence of nuclear eects on the nucleon structure functions received enormous























for A=56, followed by a series of experiments [2] conrming the nontrivial changes of the
parton densities due to the nuclear environment. Many theoretical models have described
correctly the Bjorken x and A-dependence [3] starting sometimes from quite dierent as-
sumptions. It is therefore not easy to tell what is the underlying dynamics of the EMC
eect. In the search for new tests, a `polarized version' of the eect was proposed some time


























has become very important recently due to the use of light nuclei (D,
3
He) in the extraction











attention. It is the structure function of a single, polarized nucleon inside the nucleus.
One should keep in mind that polarizing the nucleus one obtains in general a complicated






selected cases and to certain approximation the polarization of the nucleus is equivalent to








F) are good examples of such situation.
Estimates of the nuclear eects has been already made in some cases [4{7]. However we
are interested not only in what errors are induced to the free nucleon structure function but
in the eect itself. Therefore we study also heavier nuclei where the changes, clearly visible,
can tell more about the underlying dynamics. This paper is a continuation of the work of
Ref. [4] where the ratio was rst estimated. We take here into account experimental and
theoretical progress in the knowledge of the nucleon spin.
To describe the eect we use one of the models of the unpolarized EMC eect [8] which
can be extended to the polarized case nearly `at no costs'. The model describes correctly
2
the x and A dependence of the 'EMC eect' [8,9]. It assumes that the modication of an
"eective nucleon" inside the nucleus comes from the presence of non-nucleonic objects: 
isobars [12] and  mesons [13]. Their number and momentum distributions come from a
standard nuclear physics calculation [10] and are in this sense independent of the model.
Such construction of the model has an important advantage: we do not have to worry what
the proposed mechanism does to low energy nuclear physics.















































;  = N;;  : (4)
The distribution functions f






























>) is the average number of  isobars (excess pions) per nucleon, as



















































is the Fermi momentum and m
N
- the nucleon mass. The Fermi motion of the
 isobars has been neglected. Even though the pions are spinless and do not enter Eq.(3)
directly, their inuence comes trough the sum rule Eq.(8). Eectively, if the pions carry
average momentum < z

> one has to replace z   1 in Eq.(10) by z   1+ < z

> (the
distribution is then peaked at 1  < z

>). The values of < z

> used for the selected nuclei
are extracted from Ref. [10].





















































is the quark charge, the spin-dependent quark and gluon densities q and G are











































































  1) + 2(1   x)] ; (15)




- the number of active avours.
For the polarized quark densities inside the proton or neutron we take the parametrization
of Ref. [14]. The  isobar structure function is not known from experiment. A phenomeno-
logical construction has been presented in Ref. [12]. It assumes the unpolarized valence
4
quark densities to follow the spin-isospin 1 part of the nucleon quark densities One can










































denotes the contribution in which the valence quarks is struck and the remaining
(spectator) valence quarks are in spin and isospin I conguration. Remembering that in the

















The sea quarks and gluons remain the same in shape as in the nucleon, their normalizations
are adjusted so that the momentum sharing between quarks and gluons is the same as in
the nucleon. The model of the  isobar structure function can be extended to the spin-
dependent case in a straightforward way. One only has to replace the spin-averaged parton
densities by the spin-dependent ones, using one of the mentioned parametrizations. In this
sense the model does not introduce new parameters. At the same time it still preserves its
main advantage: since the properties of the non-nucleonic degrees of freedom come from
nuclear physics, the model is in agreement with the low energy nuclear physics.
We have chosen a few examples to study to nuclear eects in detail. The rst nu-
cleus,
3






). In the experimental analysis [15] the only nuclear correction taken into account
is the small deviation from pure 1S
1=2
state (when the polarized proton contributes). We
expect our model to work for x  0:1, at smaller x possible shadowing eects, not included






are shown in Fig.1. (
3
He is assumed to be in pure 1S
1=2
state). The nuclear physics parame-
ters take the values [10]: < n

>= 0:02; < n

>= 0:09; < z

>= 0:054). We do not present
5
their ratio (Eq.(2)) because of the functions crossing zero. One can see that the modica-
tion of the neutron spin-dependent structure function is signicant (20% at x = 0:6). The
question how the rst moment of g
1
is modied can be answered only partially because of















) ;  = n; n=A; p; p=A (19)












=  0:016 ; (21)
which is about 12% reduction due to nuclear eects. The above values have to be compared





This means that the rst moment of g
n
1
receives about 26% of its value from the region
0:1 < x < 1:0.









Li nucleus is our best example not only for the eect which is very
pronounced but also because this nucleus seems to be a realistic polarized target. The
3
H











is shown in Fig.2 and the structure functions in Fig.3. The
spin-dependent eect is in this case much stronger than the corresponding unpolarized one.
This is due to the extraction of the proton (and not 'average' nucleon or deuteron) as the
probe. (As compared to
3





>= 0:04; < n

>= 0:10; < z

>= 0:058). As before we do not take into














F are very similar to those of
7





> and < z

>. This nucleus, less realistic as a polarized target,
is interesting because of possible application in the hunt for neutralino as a dark matter
candidate [17].





















= 0:168. One sees that most of the contribution to the sum rule (70%)
comes from the region where the models gives predictions.
Having calculated the nuclear eect for both proton in
3
H and neutron in
3
He we are
able to check the Bjorken sum rule or its modication in the region 0:1 < x < 1:0. The
numbers presented above show that already for A = 3 the correction is about -11%.
One can certainly improve the model presented above. An obvious modication is to
treat more precisely the nucleon and  isobar distributions f

(z). This would require the
knowledge of the nucleus wave function in the presence of nonnucleonic degrees of freedom.
It is also very important to include shadowing eects and extend the model to low x region,
x < 0:1.
To summarize, we recall the idea how the nucleon spin-dependent structure functions get
modied due to nuclear environment. The model we have used to present the eect has not
been chosen by accident. Among other advantages it can be extended from unpolarized to
polarized version without new assumptions. Whereas the case of
3
He serves rather only as
a warning what size of corrections should one expect when extracting the neutron structure
function from polarized
3
He target experiments, the
7
Li nucleus seems to be more promising.
With present experimental techniques one may seriously think of deep inelastic polarized
lepton { polarized
7
Li scattering or hadron-
7
Li (both polarized) scattering with direct photon
7
or muon pair production. In all cases the modication due to nuclear eects should be
measurable. The expected results are interesting both for nuclear structure and QCD studies.













). Since the nuclear eect is similar on both the
numerator and denominator (F
1
is the unpolarized structure function) one may be misled
by the fact that the asymmetry itself shows no signicant change as compared to the free
nucleon case.
The author would like to thank John Millener for discussions and Lenny Trueman for
reading the manuscript and remarks.
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) of free proton (solid line), proton in
3
H
(dashed line) and proton in
7
Li (dotted line).
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